Abstract: Improvement in wideband signal processing techniques has necessitated the development of new types of underwater transducers that can transmit wideband frequency signals. This paper describes the development of such a wideband underwater transducer using 1-3 piezocomposite material. This transducer has been designed to operate at 300 kHz with over 150 kHz of 6dB bandwidth. The results of acoustic tests on various transducer configurations are presented. These results show that the proposed type of wideband transmitting transducer can produce the high bandwidth and high transmitting levels required. 
A. Introduction
The aim of this paper is to investigate the design of a transmitter that operates at 300 kHz with over 150 kHz of 6 dB bandwidth. We have adopted an empirical approach where we tested the effect on bandwidth and transmitting voltage response level of i) solid PZT ceramic ii) 1-3 piezocomposite material ceramic volume fractions (20%, 40% and 50%) and iii) matching layer. The choice of these parameters and values were drawn from the numerical simulation results of A Gachagan, J T Bennet and G Hayward [1] . The results will be compared and the best configuration will be proposed for the design of such a transducer.
B. Transducer design and experimental process
A number of transducers composed of an active element, epoxy matching layer and transparent polyurethane acoustic window were designed as per figure 1. The active elements were designed to operate at approximately 300 kHz. We investigated two active materials namely i) solid PZT-5H equivalent ceramic and ii) 1-3 Piezocomposite (composed of PZT-5H equivalent pillars and stiff epoxy) of 20%, 40% and 50% ceramic volume fraction (VF).
The resonance frequencies predictions for the 1-3 piezocomposite active material (thickness versus ceramic volume fraction) were made on the basis of the SmithAuld theory [2] .
In order to establish if there was a need for a matching layer and the effect of the volume fraction on bandwidth and Transmitting Voltage Response (TVR) level, the TVR for a number of samples with and without the epoxy matching layer were tested. The experiments were performed with both types of active materials.
The matching layer used was chosen on the basis of the acoustic impedance. The acoustic impedance of the matching layer (epoxy) used was measured to be 3.2 MRayl, which was between the acoustic impedance of the active element and water. The thickness of the matching layer was approximately half the thickness of the active element.
The material (polyurethane) of the acoustic window was also chosen based on the acoustic impedance (1.7 MRayl) as it is close to the acoustic impedance of the water. The thickness of the acoustic window was constant for all samples.
The physical design dimensions given in figure 1 and the material properties of the acoustic window were kept constant for all samples tested.
C. Experimental results and discussion
The transmitting voltage response (TVR) of the transducer design shown in figure 1 was measured for the eight different configurations.
All acoustic tests were performed in the CSIR's underwater test facilities under normal laboratory conditions. The results obtained have shown:
• The matching layer did not increase the bandwidth of the transducer using solid PZT-5H ceramic. This may be due to the acoustic impedance of the matching layer being too low in comparison to the solid ceramic • In general, when 1-3 piezocomposite is used as active material in transducers, the bandwidth is on average 75% higher compared to solid PZT-5H equivalent ceramic.
• The bandwidth increased with decreased ceramic volume fraction. The highest bandwidth achieved (175 kHz) without matching layer was at 20% volume fraction and the lowest (30 kHz) at 100% (solid) ceramic.
• The bandwidth increased a further 45% after the introduction of a single epoxy matching layer between the 1-3 piezocomposite disc and water. The highest bandwidth achieved (245 kHz) was at 20% (VF) with matching layer.
• The TVR level increased with increased ceramic volume fraction. The transducers with 20% ceramic volume fraction showed 13dB lower TVR than the transducers with solid ceramic (100% VF).
• Considering the goal of 150 kHz 6dB bandwidth with high TVR, it appears that configuration (7) (40%VF 1-3 piezocomposite with epoxy matching layer) offers the best performance because the TVR is essentially the same as that of configuration (6) (50%VF 1-3 piezocomposite with epoxy matching layer) but bandwidth is significantly higher.
D. Conclusions
A wideband transmitter with 230 kHz of 6dB bandwidth and maximum transmitting voltage response (TVR) of 171 dB re 1uPa/V has been developed successfully. The chosen configuration is composed of 1-3 piezocomposite with 40% ceramic volume fraction and epoxy matching layer.
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